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TITLE OF THE INVENTION 
FUEL CELL SYSTEM 

FIELD OF THE INVENTION 



[000 1] The present invention is related to a fiial cell system, and more 
particularly to a fuel cell^ystem capable^ supplying fuel gas to a fuel chamber 
in 


a short time at^^OTeration^ta^tup^^ 


DESCRIPTION OF THE PKIOR ART 


[0002] Conventionally, in fuel cell systems using a polymer electrolyte 
membrane (layer), fuel gas and oxidizing gas are ionized on both sides of the 
electrolyte layer, and^^^onized gases eledarochemically react across the-* 
electrolyte layer. Therefore^^Pthe fuel gas and the oxidizing gas^eaast across 
the electrolyte layer, the electrochemical reaction ofi>ullirga ges continues. In 
the conventional system, in order to stop the operation of the fuel reU^2t=&d&pts 
OJaatliud'in ■wh igtLthe system stops the^supply of both the fuel gas and the 
oxidizing gas to the fuel cell, and feeds ^ispk^^^t gas such as air or the like 
to^fuel chamber binding ffi fuel electrod^in place of the fuel gas, thereby 
preventing the electrochemical reaction after stopping the fuel cell. 


Further, at^ai^ ^ on^aptoal fue^eell 

, the ^^MmtsA gas is jfec te rr ffed ost s id o to ^ t a^j^ ^^Liu n by 


[0003] 
system 

feeding the fuel gas to the fuel chamber. 


[0004] In this regard, if 


*~th* one. 

fuel gasitta^trated region 

Wln m** hh c fticl gac is more concentrated than other regions and & oxidizing 

^*CQ BJ ^tm 4^ re p im *^^ is more concentrated v than 


^the'^el gas and 


other regionsjg^f in the fuel chamber, namely, crater a state > 

the oxidizing gas are unevenly distributed in the fuel \chamber, a^or tion ^ wh ere 4 * ft u ^ 
the fuel -gas4s-4mey^u^sfefeg^ form/ a local cell, and an/electric current 
flower to sep<^oawdB&r^ in a^reverse 


^#weS^©fea normal power generation^^MR^traaf^n paracuiar, tms mm.es- 

oxygen electrod ^orgodod , and t here iz? a pg u bkn i tha i this corrosion makes < *f 
the fuel cell systenraeteriorate rapidly. 


particular, this makes- 


lefii^g^a ^supplied to the fuel 


[00051 In th^c^^tionakri^^^ 

chamber at th*T ^ewtjen start-up {^e^Ta gas^pressure^s^ne as the gas 
pressure of the fuel gas supplied to the fuel chamber during the normal 
operat ion tim(T(normal power generation s&JSTof the fuel cell. Thus, when 
the fuel gas is supplied to the foel chamber at the c^oratioiysta^^ 
uneven distribution of the fuel and oxidizing gases may <i ^^efihi the fuel 
chamtei^instantra^ 

cause^tmdesirable electrochemical reaction -bappe^ thereby dftt^-iorq^^ the 
oxygen electrode. 


SUMMARY OF THE INVENTION 


[0006J It is an object of the present invention to provide a fuel cell system 
that can inhibit the electrodes from deteriorating. 

[0007] In order to aclneve the^bject, the present invention feffi w e Bfrte a 

fuel ceU ^^m j^&k^^^ 

comprises : 

at least one fuel cell having a fuel chamber including a fuel electrode, an 
oxygen chamber including an oxygen electrode and an electrolyte layer 
interposed between the fuel electrode and the oxygen electrode; and 

pressure regulating meai 
to be supplied to the fuel chambe 

wheremt^ 

the fuel gas ay? time ^en^fe^u^iel^tai'ta Upl50We*«gea»afc^higher than 
the supply pressure of the fuel gas during^ normal power generation afea fc* in 
which the fuel cell is generating electric power. 


a for regulating jTsupplv pressure of fuel gas „rfr 


[0008] In the fuel cell system of the present invention, it is preferred that 


the pressure regulating means includes a^efdSSSe nressure^valve and 
control means for controlling the regefetebfe pressutfl^t^^ 

[0009] fa this iflveirtie»> Jt is preferred that the fuel cell system of the 
present mwn^^J^^^^ gaprises a fuel gas supply line through which the 
fuel gas -flows* at theH>ower generaHoBcs^artup/^n^ wherein the pressure 
regulating means includes two regulataag valves that respectively provide 
different supply pressures, a switching valve^ arranged on the line, and 
switching means for limitrhing tho open g&d clos^Khe switching valve. 

[0010] Further, it is preferred that^^lfegOTmal power generation state of the 
fi ffi ta^ fc mcludc s a state-wfeea the fuel cell^S connected to an external load. 


[0011] t his mventioiv^ 


ihia invejil ioifrjfc is preferred that the fuel cell system of the 
present invention further comprises a start switch for turnings on and off of the 
fuel cell system wherein the yffower generatio^\start-u p timg/^ 
includes a predetermined period of time after the start switch is turned on. 


[0012] 


eJMhas-easejj^t is preferred that thrower generatioi^ tart-up time^ /^ 


the fuel cell includes the case where the start switch is turned on after a lapse of 
a predetermined period of time after the start switch has been turned oft in the 
normal power generation state. 

[0013] „ In another aspect, the present invention^ fuel cell system 


at least one foel cell having a fuel chamber including a fuel electrode, an 
oxygen chamber including an oxygen electrode and an electrolyte layer 
interposed between the fuel electrode and the oxygen electrode; 

a fuel gas concentration sensor for detecting the concentration of a fuel 
gas discharged from the fuel chamber; and 

pressure regulating means for regulating a supply pressure of the fuel 
gas -4*^*£> supplied to the fuel chamber based on the detected foel gas 
concentration; 
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wherein the pressure regulating means s oto J Uj^tho ^M^ypreasure of 
the fuel gas at^ime when tho fuel cell start* up paaw &B5QSSimS&$S5t than 
th &jftnpply prpi«giaY^of^hg"furf^^ during ^normal power generatdon^^^^in 
which the fuel cell is generating electric power. 

[0014] 

the pressure 

thOtai^p-Msiflfce to the supply pressure ef the fueljJaabaL& e normal power 
generation state i»-the=ease=wfeere the fuel gas concentration detected by the 
fuel gas concentration sensor*^ figEer than a predetermined fuel gas 
concentration. 

r{QQ%§3^ Tn i'hiif) fiflffi*, ^t is preferred that the predetermined fuel gas 
concentration is 9^51umg ^ei^ent^ y 

[0016] In the present invention, it is preferred that the fuel cell system 
further comprises an oxygen concentration sensor for detecting the 
concentration of^oxygcn^a discharged from the fuel chamber^wherein the 
pressure regulating means switcne^th^ s upply pressure of the fuel gas at the 
^S^XXp^jE^^ the supply pr^sure of the fu o l g u §uL unf normal power 
generation state in-*he-ea ac wiwrc ^kejuel gas concentration detected by the 
fuel gas concentration sensor J$ higher than a predetermined fuel gas 
concentration and^ tlte^oxygen concentration detected by the oxygen 
concentration sensor^lower than a predetermined oxygen concentration, 

[0017] In this case, it is preferred that the predetermined fuel gas 
concentration is 95 ywltm^ger^n^Xand the predetermined oxygen gas 
concentration is l/6lum5^ ercent , 

[0018] In yet another aspect^ the present inventiox^ a fuel cell system 
comprises : 

a start switch for turning on or off of the fuel cell system; 

at least one fuel cell having a fuel chamber including a fuel electrode, an 


4 


air chamber including an oxygen electrode and an electrolyte layer interposed 
between the fuel electrode and the oxygen electrode; / 

a timer for measuring a period of time^after tne start switch has been 
turned ofG and 

pressure regulating means for regulatingjr supply pressure of fuel gas 
supplied to the fuel chamber; 
wherein the pressure regulating means sets 3|k the supply pressure of 
the fuel gas at^Ttime whonthe fuel cell startup pma gon o rat iu n higher than 



time v measured by the timer io longer than a predetermined period of time^asd- 
-^heirtiaeerstaiMWiUlirii luwedren. 

10019] The above described and other objects, structures and advantages of 
the present invention will be apparent when the following description of the 
preferred embodiment -wiH-be~£ea^^ with, reference to the appended 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Fig. 1 is a block diagram illustrating the fuel cell system of one 
embodiment according to the present invention. 
[0021] Fig. 2 is a front view of the* 
[0022] Fig. 3 is a partial cross-Tec^oi^^^^-A \ 
illustrating the fuel cell stack including a fuel cell separator. 
[0023] Fig. 4 is a partial a^ss-s^on^ia^amlfe-B oesssqsee&e&atf Figs. 2 

[0024] ■ Fig. 5 is a partial cross-section diagiftm ^of the fiiel cell separator ^C-C 
ea^a^e^fea^Figs. 2 and 3). 

[0025] Fig. 6 is a wiroto - £ack view of the fiiel cell separator. 

[0026] . Fig. 7 is an enlarged cross-s«»en diagram of the unit cell. 

[0027] Fig. 8 is a partial plan view of the fuel cell stack. 

[0028] Fig. 9 is a whole plan view of the fuel cell stack 

[0029] Fig. 10 is a partial cross-section side view of the fuel cell stack. 
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I, 


[0030] Fig, 11 is a partial ci^s-^ection^^aiieCD-D ctoqo oc c tion of Fig. 3^, 
of the fuel cell stack illustrating a vertical section of the hydrogen passage, 
[0031] Fig. 12 is a front view of the fuel cell stack, 
[0032] Fig. 13isab^viewoftheW<»Ustack. -//. 
[0033] Fig. 14 is a flowchart - ifflffitgatiiig control ffinrntiam nt tiW* start-up 
uvtiSh of the fuel cell system in a first embodiment according to the present 

invention. **f fa if Hf. 

[0034] Fig: 15 is a v flowchart a to t sa t m g control cFegatfoS3as>fargtegtoHg 


snt^ 

/'"teveafion* ^ ^ & 

[0035] Fig. 16 is a flowchart jfiastcataag control opegsra e g at the start-up 
of the fuel cell system in a second embodiment according to the present 
invention. c&^ t ^aT/jtfl *5 *tk£ ^ f^ t f./C 
[0036] Fig. 17 is a^flowchart flhtstratinipepia^ 

tima^sfifceJueLgeflf^ tn - ^e p^Sfi 1 ^ 

[0037] Fig. 18 is block diagram illustrating the fuel cell system of a third 
embodiment according to the present invention. 

[0038] Fig* 19 is block diagram illustrating the fuel cell system of fourth and 
fifth embodiments according to the present invention- «-r- n „ 
[0039] Fig. 20 is a flowchart aiuotratm g control o pui ' ulAua a i luu. start-up 
S$a&o£ the fuel cell system in a fourth embodiment according to the present 
invention. <£>*T>yefa« r^^* 
[0040] Fig. 21 is a flowchart ii fe^rHn g^n trol *qpera tiqu » ^^hf ^a**^^ 

[0041] Fig. 22 is a flowchart t SubIl zten g* control o pe r ation At the start-up 
of the fuel cell system in a fifth embodiment according to the present 

invention. e*rtM*&>* ***** £ He r o^€ «f 
[0042] Fig. 23 is a flowchart fflmfagfcm fff control gpergtfiftr"akihft. rarer rtn*p^ 
«**timKfifc^he^iy^i^^ ftinhpflimentoseordiflg^^ 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0043] The preferred embodiments of a fuel cell system according to tie 

avrings. 
r^Srshown. Fig. 

1 is a bloc k diagram iUustrati ngthe fuel cell system 1 if the present invention. 
As showr^n Fig. 1, the fuel cell system l^hematicyiU^includes a fuel cell stack 
100, an air supply system 12, a fuel gas supply system 10 including a plurality 
of high-pressur^hydrogen tanks 11 (hydrogen supply means), and a water 
supply system 50. 


[0044] KTStr^TTlescnptot^ 

*£tack 190* The fiiel cell stacli^f composed of a plurality of fiiel cell unit cells 15 
and fuel cell separators 13, which are stacked alternately. f , ig^^4s-a^Ste r 
f^nt view-of^he Ja^cel^ vtew (A- A. 


2) illustrating the 



cross section 

separator l&f Fig. 4 is a partial 
Ifig. 5 is ^partial section view 

-FigreislTw] 

[0045] The separator 13 comprises current collecting mejnbers 3, 4 that are 
connected tothe electrodes of the unit cell 15 Wtpke%ut electric current te-the. 
-outside, an<f £m elements 8, 9 externally covere^a, a peripheral edge portion 
of^eeefe current collecting members 3, 4. 

[0046] ^ The current collecting members 3, 4 are^made of ajnetal plate. 
, Su»g metal has electric conductivity and corrosion resistance,. Jor example, pfflm 
~«retal-suehras stainless steel, a nickel alloy, a titanium alloy or the like ( with a , 

corrosion-resistant electric conductivity process, apptedjawyljriritedr ■<<' € 

[0047] The current collecting member 3 abuts $ a fuel electrode (anode) of 
the unit cell 15, while the current collecting member 4 abuts yfc an oxygen 
electrode (cathode) of the unit cell 15. The current collecting member 3 is 
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made'Wh a rectangular plate materia l , comprising a plurality of columnar 
protruding portions 32 provided on a surface thereof! and formed by protruding- 

HH*t©4he-fuel eltfoiiudt«iide by^press process. The columnar protruding portions 
32 are vertically and horizontally arranged at even intervals along botha'short ** 

-edge- and^long edge of the plate mat e rial . Betygsen the columnar protruding 
portions 32, hydrogen passages 301 are fo/med^Tgrooves on - a u y u d between ' 

-tbp c o tonag pp ror BfeBg p wtium ' j tty l ovided alolig the long ^eu^Se lateral 
direction in Fig. 2). while hydrogen passages 302 are, Jformed^r grooves 
arranged between the columnar protruding portions 32"^e^ded a^^jthe short <l '» **c* **** • 

-<edg* Gn the longitudinal direction in Fig. 2). The plane laelt^^ti^poB^ns- 
of the columnar pTOtmding^OTtions 32 serves as an abutting portion 321 to 
abutj^f the fuel electrode. Jtbackside*of the columnar protruding portioff 32 
serv^ as a-prt 33. ^An /^erturei 35 y& formed at 4feth eSds of the current 
collecting member 3, and* a hydrogen supply passage^k-e^^osed-ef-ther 
- apCi'tuiu 05 wheii the separators 13 are stacked. _ 

jho in* 

[0048] The current collecting member 4 is*Wde of a rectangular plate 
-maiuiial, comprising a plurality of protruding portions 42 arranged on a surface 
thereof and formed by psotaidi»g4s^^ 

The protruding portions 42 are linearly arranged at even intervals parallel to g fa c 
short edge of the plate ttete&ftL Grooves are formed between the protpdtog 
portions 42^ and 4feejr constitute air passages 40. The pl^e^l^fe tip* 

-pertiomof the protrudingrortions 42 se ™*J£ an abutting portion 421 to abut 

^paf the oxygen electrode. Jk backside of Jfe protruding portion 42 serves as a 
cana^form hollow portion that forms a cooling passage 41. The air passag/40 
and the cooling passaged extend to the end^pertion of the plate 4»aterial, and 

-the. both ends thereof have^aa open^gpestio»*fcat oponc at the en<tperties. of 
the plate daaat^aL ^/toertur/ 48 Informed at%&£ 5 e5?s of the current 
collecting member 4^and*a hydrogen supply passage io - c omposed of tlur~ 

.-aperture^ when the separators 13 are stacked. 

[0049] The current collecting members 3, 4, having above structure are 
stacked and fixed so that the columnar protruding portions 32 and the 
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protruding portions 42 are arranged outside of the stack In this case, the 

backside surfaces 34 of the hydrogen passages 301, 302 abut on the backsiji^ 

surface 403 of the air passage 40, which makes it possible tolblSw '/ 

conductive state: Further, as shown in Fig. 4, the cooling passap 41 is formed 

by stacking the current collecting members 3, 4, and the forms a part of 

the cooling passage 41. On the other hand, as shown in Figs. 3 and 5 ^th^ air e e /<• eTr* h *) 

passage 40 is formed as a tubular passage by being stacked on the oi&i£ee$t ■■tew'" -s 

and-Slbcteaig-the opening porting 400 of the groove- » Tne oxygen electrode 

forms a part of the inner wall of the air passage 40. Oxygen and water are 

supplied to the oxygen electrode of the unit cell 15 from the air passage 40. 

[0050] The opening ^estiea at one,, e^of^ j^passage 40 forms an inflow 
port 43 at which the air and waterjnftew, while the opening pe*fei©»-at the other 
end of the air passage 40 forms an outflow port 44 at which the air and water 
jw^Sow, The opening portion at one end of the cooling passage 4^ forms an 
inflow release port 45 at Which the air and water^w&ew, wnile the opening 


it the other end of the eooli^j passage 41 forms anoutflow rdease port 
46 at which the air and water Jettlew. In the structure M^^^tbove, the 
air passage 40 and the cooling passage 41 are arranged pai^el^ternately, and 
«4 hoy - ops adjoin|fag*each other across a sidewall 47. In this way, the inflow 
ports 43 and the inflow release ports 45 are also arranged alternately. Since 
the air and water flow along the sidewall 47, the sidewalk 47 function as cooling 
fins. 


[0051] By arranging the air passage 40 and the cooling passage 41 parallel 
and alternately, it becomes possible to improve the cooling efficiency of the fuel 
cell, allowing even cooling of the fuel cell. 

10052] The J&ame* elements 8, 9 are respectively stacked on the current 
collecting members 3, 4. As shown in Fig. 2, the flame element 8 stacked on 
the current collecting member 3 has the same size as the current collecting 
member 3, and a window 81 for storing, the columnar protruding portion* 32 is 
formed at the center thereof. Further, /^apertur^ SSdS'formed aWfe& position^ 
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corresponding to the_ positioi^ of the apertur/ 35 of the current collecting 
member 3 adjacent tb-toth ends of the fenSl element 8. A concavity; is formed 
in the f^^afetting on the current collecting member 3 betweenftfie a^rture 5 S3 ^ 
83*and the window 81 to provide a hydrogen flow passage $4? In the-plaa* Jdr-CgC^ 
opposite to the pigne 



portion^ which 

provide^ a stoi£g^p6rtden 82 for stlsBg^t^ unit cell 15. A fuel chamber is 
defined by the surface of the fuel electrode on4he-t±nit-ceft 15 accommodated in 

the sterage^orfi0B>82, the hydrogen passages 301, 302, and the window 81. - £yG- ^ 


[0053] The iaae- element 9 stacked on the current collecting member 4 has ^ 
the same size of the Same^ element 8, and a window 91 for storing the< y 
p rotruding portioxi^42 is formed at the center thereo£ -P tt* tile r , *a apertur^93 

formed at the t>ositioncorresT>ondinff to thejjositionof the aDertui£%3 of the _ , fetz&lJ ' 


^formed at the position corresponding to the ^position of the aperture^S of the _ 
-fiame^element 8 adjacent tefbofch ends of theT&me* element 9. -Git the surface 4' J <f& 

which v the current collecting member^ of the laaae element 8 is^t^^t 5 r °f* 
- groover s formed along a pair of Jwaag lcmg edges of the flame elemen^^^air^^ ^ J 
flow passages ft ft ?#54re -f orm e d l^g^mqg the current collecting members 3, 4.<&<^ C 
One end of the air flow passage 94 is connected to an opening 941 formed on an 
end face on the long edge side of the-flame element^*, while the other end 
thereof is connected to the inflow port 43 of the air passage 40 and to the inflow 
release port 45 of the cooling passage 41. 

[0054] In the air flow passage v 94 located on the upstream side, an inner wall 
of the end portion thereof forms a tapered surface 942 so that the cross-sectional 
area decreases gradually from^aff opening 941-side toward the air passage 40 
.side, allowing water to be sprayed into the air flow passage 94 from an air 
manifold 54 (*?MkJj^ described later). On the- other hand, one end of an air 
stream passage 95 located on the downstream side is connected to the outflow 
port 44 of the air passage 40 and the inflow release port 45 of the cooling 
passage 41, while the other end is connected to an opening 951 formed in the 
end face on the long edge side of the flame element p. In the air flow passage 
95, an inner wall at iiie * e nd por t io n forms a tapered surface 952 so that the 
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cross-sectional area decreases gradually from the opening 951 side toward the 
air passage 40 Even tho^h the fuel cell stack 100 is inclined, -tha- 
discharge of the water is maintained by the tapered surface 952. 


[0056] 


SVrf**-* S r $*r?e fitf&^fc 

— , „ — ^ ^^vraw-plane of the -fame element 9 agttngfc the 

surface abutting «jn the^cu^n^coUecting member 4, the^eBea^r^/^ 
which theTOTf^&areiof^s^^along the window 91^=ferm^te»p5 OT ide-r' 
■storag&'pofuon 92-fer5fering the unit cell 15. 

crass- SzcJrMsf •' 
[0056] Fig^^an enlarged eressieessimrdiagram of the unit cell 15. Unit 
cell 15 is-eWf^P&ir-a solid polymer electrolyte membrane 15a, an 
oxygen electrode 15b, and a fuel cell electrode Irrespectively stacked at<b^0pP° Jf "5 
sides of the solid polymer electrolyte membrane 15a. The solid polymer 
r5°@?li aembrane 15 * has a size corresponding to the size of the storage 
82; 92, and the oxygen electrode 15b and the fuel electrode 15c each 
has a size corresponding to the size of the windows 81, 91. Since the thickness 
of the unit cell 15 is extremely thinner than that.of-^^'of the AansrSrse** 
elements 8, 9 and the current collecting members 3, 4, it is shown in the 
drawings as mo j amU 3 "^ ^f^A^'Tr . 

[0057] •^dro^G^process^ppliSd to inner walls of the air passage 40 
and th|cooling passage 41<^^urfece treatment is applied to the inner walls 
so thatJWact angle between the»Burface of the-mr wall and *ne water is less 
than 40 degrees, preferably less than 30 degrees. T5»-fflethed^-applying ,4 ?fh'cft&ft 
h ^Pkjg£*g*t to the surface is adopted as this treatment. ^he agent io ' " 
-be appE^ for example, polyacrylamide, polyurethane resin, titanium oxide 
(titamum dioxide), or the like^majthe^itedr- 

[0058] The separator 13 is. constructed so that the current collecting , / 
members 3, 4 are held by the^^flements 8, 9 having aboven^il^ ' 
structure. The fuel cell stack 100 is constructed by stacking the separators 13 
and the unit cells 15 alternately. Fig. 8 is a partial plan view of the fuelcell 
stack 100. Apluralily of the inflow ports 43 and the inflow release ports 45 
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open^alternatelyjm' the top surface of the fuel cell stack 100. As described 
later,^> air from the air manifold 54 and th\water sprayed from a plurality of 
nozzles. 55 simultaneously flow into the introducing ports 43 and the inflow 
release ports 45. In this case, the sidewalls 47 function as cooling fins. 

[0059] The air and the water that respectively flow via the introducing ports 
43 and the inflow release ports 45 cool down the current collecting members 3, 4 
in the cooling passage 41 by latent heat cooling. 

[0060] Fig. 9 is a whole plan view of the fuel cell stack 100. Unit 130 is 
formed by stacking ajpredetermkied number of the fuel cell separators 13 
having the structure m^^U%ove, The fuel cell stack 100 is^nstructed 
by stacking a plurality of units 130. A separator 14 lies between*j&^Cl30^ 
130, and is constructed by putting a shield plate 16 between the current 
collecting members 3, 4. The^ield plate 16-eempli^s an aperture 161a or 
161b having a sectional shape^fme as a hydrogen passage 17a or 17b in the 
position corresponding to that of either the hydrogen passage 17a or the 
hydrogen passage 17b. Since the shield plate 16 has electric conductivity, it 
does not prevent electric current from flowing in the fuel stack 100. 

[0061] On the other hand, in the case where the shield plate 16 has the 
aperture 161a, the shield plate 16 prevents the hydrogen gas from flowing in 
the hydrogen passage 17b. in-lihe^a^^where the shield plate 16 has the 
aperture 161b, the shield plate 16 prevents the hydrogen gas from flowing in 
the hydrogen passage 17a. The shield plates 16 are alternately arranged so 
that the shield plate 16 having the aperture 161b, the shield plate 16 having the 
aperture 161a ... are sequentially positioned from / the*nSow^side -ef-the 
feydr*gen*gae to the\ou^ws^^^Kya^en^. In this way, the supplied 
hydrogen, gas flows into eaehfil chamber 30$?every unit 130 by alternately 
shielding either the hydrogen passage 17a or 17b*every unit 130. More 
specifically, as shown in Fig. 9. the hydrogen gas flows from the hydrogen 
passage 17a toward the hydrogen passage 17b in the first unit 130, in the 
second unit 130 the gas flows from the hydrogen passage 17b toward the 
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hydrogen passage 17a, and in the third unit 130 the gas flows from the 
hydrogen passage 17a toward the hydrogen passage 17b. Thus, the hydrogen 
gas flows w hnonta fle w directions ^af^akeraated^- 

$f»chJ 

[0062] Namely, the fuel cell stack 100 includes^units 130 in which the unit 

CeUa 15 ? e separators 13 816 stacked, and a pair of hydrogen passages 17a, / 
17bjt&?' respectively^ communicate with^oft^ fue^jchamber^ 30/ if/hick -are 
feeiaed-atoag-*^^ of the^s'eparalors 13 in the unit 130 and cu 4 '~cl ^ rd - 

positioned at ffi l ^ maja of tfe fuel chamber30, aed^he f aolo o ll - atack 4 0 0 is* 

"tens l uMwM i y DtmJriTig .i t ih r' < i oitg.13.0r Further, between the abutting units 
130, the fuel cell stack 100 includes communicating partitas- 16 la (or 161b) for 
communicating between the hydrogen passages 17a, 17a (or 17b, 17b), and a 
blocking portion (the shield plate 16) for restricting the flow of the hydrogen gas 
between the other • hydrogen passages 17b, 17b (or 17a, 17a). The 
communicating PP*tio|& and the blocking portions are alternately arranged so 
that tdfcherHihe one* hydrogen passages 17a, 17a (or 17b, 17b)^rtiie other 
hydrogen pas6ages^7b,^17b jor^7a, 17a) alternately face in the direction of the 
*tacked<direction of the stacked units 130. In this case, the hydrogen gas flows ft f , 

•an. the fuel chambers 30 of the units while its flow direction is alternately- r€/*« V 
changed? /~e VfiiHSe^j / 

[0063] In this way, since the fuel cell stack 100 is divided into the plurality 
of units 130, and makes the hydrogen gasflowin every unit 130, it is possible to 
prevent the hydrogen gas flow rate from mallnradiff^^ 
130. Purser, m eadijandt lSOJ* Js also possible to prevent the hydrogen gas 


flow rate m^i^^ m^ger^a^^^'txQl chambers 30 ftonftruotod by 
stacking the separators 18 and the unit cells 15. Furthermore, sjuce the 
hydrogen gas supplied in the fuel cell stack 100 repeatedly fbwsjf^unit 130, 
the hydrogen gas has many opportunities to.come in£> contact with the fuel 
electrode of the fuel chamber 30, thereby '^Sg^^e reaction efficiency 
between the hydrogen and oxygen gases, wapseve? Since the total volume of the Lf# a 

fuel chamber 30 belonging to one unit 130 is seetaed-te-suchMA^ti ^ 
large amount of hydrogen gas caxLJkm, the hydrogen gas does not grow 
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fuel 


stagnant in the fuel chamber SO ef=EEe=raaT33& and can flew-frpm the 
chamber 304^thejmtside-^f.the^ iinit \^ (nam ^Jth^+ttjf^ffa f^i ce u 
Stack lOO^in a short time i 



>'*§ / ' i n&^aj3«/a^^ 

•makes<ft&-rate of replacement Grate of-stf _ 

shortens the time required to replace the substituted gas by the hydrogen^ and 
it-48-pnssn^eH!e-*rte shorten^the time^*en the substituted gas and the 
hydrogen are unevenly distributed, ^A-ms^^^oeams^ prevemV^ 
deterioration of the electrodes. Further, increasing the flow rate of the 
hydrogen during^ normal power generation.^sj^' inakes tlje discharge of 
generated water easy, and this makes it possible to prevent^power detorioratioa-^^^^7^ 


clogged drain of the fuel cell. 

[0064] The number of the fuel cell separators 13 constituting the unit 130 is 
determined so that the cross-sectional area of the hydrogen passage 302 in each 
of the separators 13 is about the same as the cross-sectional area of the 
hydrogen passages 17a, 17b. The cross-sectional area of the hydrogen passage 
802 i s the aroa intho pooitionni wjich t he area of the surface perpendicular to 
the/flow^Qe^^ehydrogen gas tha^wf m the fuel chamber 30 is minim ized, 
namely, total area of V portawse in Fig. 10 (the total cross-sectional area of the 
hydrogen passage 302 in the separator 13 constituting the unit 130), or the total 
cross-sectional area of the hydrogen flow passage 84 (namely, the area of "b" 
'paetieBr circled by the heavy line in Fig. 11). ^fiy— hiwing thn fttnirtitro - 
meafesned aMW}%ince the cross-sectional area of the 'flow passage_of hydrogen 
-gas^^ws-m the fuel cell stack 100 does nbt^efSte-widely ^fe^^^S-^ 
^WWPfe the fuel cell stack 100 (namely, from the inflow to the outflow), it is 
possible to distribute the gas evenly in the fuel chamber 30 of each of the 
separators 13 constituting the unit 130. 

[0065] Therefor^the^ substituted gas foamed an:) fil le d hi the fuel cellp 
stack 100 can be di oohargod efficiently *das& tteTuel gas supples at the^power 
generation start-up tiaw, thereby replacing the substituted gas by the hydrogen 
gas more evenly and rapidly. 
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[0066] Pig. 12 is a front view of the fuel cell stack 100. Ah introduc^-^ 
guide passage 18a is provided Gn^he4^d*ogea=iafle?§i£^Ba^f the hydrogen 
passage 17a as a current means. The introducing guide passage 18a includes a 
gas introducing port 181a having the same cross-sectional shape as^efnydrogen 
introducing passage 202 (see Fig. 1), and a gas discharging port 182a having the 
same cross-sectional shape as the hydrogen passage 17a. The width ai^ 
passage 183a between the gas introducing port 18 la and the gas discharging 
port 182a &\n ^as^ jpgraduajl^ and guides the gas stream so that the 
distribution of the gas flow rate in the cross-section^kgbgfijig^f the hydrogen 
passage 17a j^^<»me^iniform (even). Further, a plurality of current plates 
184a are provided^ the passage 183a^aad-aie^8tru etc . d do a u to guidjj&e 
hydrogen gas while controlling the pressure loss of the gas stream. 

[0067] Fig. 13 is a back view of the fuel cell stack 100. A dischargMg guide 
passage 18b is provided oh the hydrogen gas outflow portion of the fuel cell 
stack 100. The diechargflg guide passage 18b includes a gas introducing port 
181b having the same cross-sectional shape as the hydrogen passage 17a, and a 
gas discharging port 182b having the same cross-sectional shape as^nydrogen 
outflow line 208 (see Fig. 1). The width of a passage 183b between the gas 
introducing port 181b and the gas discharging port 182b>| ^decrease ^g^duaife 
Further, a plurality of current plates 184b are provided W the passage 183b, 
-^aA=^e=ean^^^ri^49 guid^he hydrogen gas while controlling the 
pressure loss jtfllfe gas stream. 

[QOgoi „ fjs^)?.^. . - — J<fcrtk*4' 

thVi 


g,^ 3061 *^* 8 the structure of the fuel cell stack 100 mrnfSnnd above, 
hydrogen gas Sewing into the fuel cell stack 100 is |r o \St o T iom pressure 
loss, and is evenly (uniformly) supplied to the- fuel chamber 30 of each of the fuel 
cell separators 13. 

[0069] Next, a^scr^tienjrill-be^tftveB^ other elements shown in Fig. if 
An air supply system 12 supplies atmospheric air to the air passage 40 and the 
cooling passage 41 via the opening 941 of the fuel cell stack 100, and discharges 


the air diochoJgcd from the fuel cell stack 100 through a condenser 51- An air 
fan 122 is provided on an air su^lvhne 12jZ as suction means, and^^^&e 
air to the air manifold 54 from the^atmosphei^ The air flows into the air 
passage 40 of the fuel cell stack 100 from the air manifold 54 to supply oxygen to 
the oxygen electrode (namely, the current collecting member 3). The moisture jr\ 

air discharged from the fuel cell stack 100 is condensed and recovered in 
the condenser 51, and then the dry air is discharged. The temperature of the 
air discharged from the fuel cell stack 100 is monitored by a discharge-gas 
temperature sensor SI. Electrical-potential detection sensors S2 are provided 
on the fuel cell stack 100 to measure the local electrical potential of each of the 
unit cells lSjonntntrt^jhe fuel cell stack 100. 


[0070] In this embodiment, ^^nozzles 55 are provided on the air manifold 
54, and the water is sprayed from the nozzles 55 into the air in liquid state toife «ar*-c I 
mixed with the air. Most of the water is recovered^by a container (not shown in 
the. drawings) provided on the lower side of the fuel cell stack 100. while 
remaining in the liquid state. 

[0071] The fuel gas supply system 10 the hydrogen gas released from 
the high-pressured hydrogen tanks U to the hydrogen passage 17a of the fuel 
cell stack 10 via the hydrogen conducting line 201 sm<Hhp ^drqg^p inflow line 
202, <Q&^he hydrogen conducting line 20J^a\ydrogen primary pressure 
sensor S3, a hydrogen primary pressure regulating valve 21, a hydrogen base 
electromagnetic valve 22, a hydrogen secondary pressure regulatable-pressure 
valve 23, a hydrogen supply electromagnetic valve 24, and a hydrogen 
secondary pressure sensor S4, - aw- pgevidcd in this order from the 
Mgh-pressurdr hydrogen tanks 11 side toward the fuel cell stack 100. The 
hydrogen pressure)prthe high-pressure^ hydrogen tanks 11 i$ monitored by the 
hydrogen primary pressure sensor S3* In this case, the hydjpgen secondary 
pressure regulatabi^^pgooQurc valve 23 and a control section^^vffi^e-deseribed— 
— later)- for controlling the hydrogen secondary pressure (Le () controlling the set 
value of the (regulataS^pressure\ valve 23) constitute pressure regulating 
means for regulating^ supply pressure of the fuel gas (hydrogen gas) tetfe^ 
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supplied to the fuel chamber 30. 

[0072) The eendseted-hydregenis regulated ^fa pressure adapted^o supply 
to the fuel cell stack 100 by the hydrogen primary pressure regulating valve 21. 
The supply of the hydxogen to the fuel cell stack 100 is electricad^ontrolled by Of 
-epefi/clo^T^f the hydrogen base electromagnetic valve 22. _Jba=tho ^de^v^e ■ 
J^Q^P^^ ^^plTOg o n gno io not carried outi the sup ply of the hydrogen gas 
4/p^^nt^ %r^l8ing the electromagnetic valve 22. Further, the hydporen 
gas pressure just before it- i^ - ^pt^ lo the fuel cell stack 100 is momiopoS by 
the hydrogen secondary pressure sensor S4. 

[0073] Ch&nd of the hydrogen inflow line 202 is connected to the hydrogen 
conducting line 201, while the other end is connected to the hydrogen passage 
17a of the fiiel cell stack 100. 

[0074] In the fuel cell stack 100, as shown in Fig. 3, the hydrogen gas flows 
from the hydrogen passage 17a to the hydrogen flow passage 84a, and then 
flows from the hydrogen flow passage 84a to the h^rogen passages 301, 302. 
The hydrogen gas is supplied to the fuel elecfxode^^l^ ^drogen passages 301, 
302, and then the remaining hydrogen gas flow a l^ ffl the hydrogen flow 
passage 84b to the hydrogen passage 17b. 

[00751 The hydrogen gas^discharged from the hydxogen t> assage 17b of the 
fiiel cell stack lOOsraetffc to the hydrogen outflow line 203^the fuel gas supply 
system 10. An oxygen concentration sensor S5, a hydrogen concentration 
sensor S6 and a hydrogen pump 25 are provided on the hydrogen outflow line 
203. The hydrogen pump 25 introduces the hydjo^gn gas discharged from the 
fuel cell stack lOOJlat^tfie check valves 26, 29. ^%ot6 
discharge line 204 and-eae=eiEbef a hydrogen return line 205%re connected to 
the downstream side of the hydrogen pump 25. The other end of the hydrogen 
retumjine 205 is connected to the hydrogen inflow line 202, whereby a 
hydrogen <ar-e u l fl^Hne is formed-wm the hydrogen inflow line 202, the 
hydrogen outflow line 203 and the hydrogen return line 205. The check valve 
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29 is provided^afthe hydrogen return line 20^> and^the hydrogen gas applied 
from the high-presau^i^ hydrogen tanks 11 cannot he discharged to the 
hydrogen discharge line d»ee%. The check valve 26, a hydrogen discharge 
electromagnetic valve 27a, and a silencer 28a are provided on the hydrogen 
discharge line 204 in this order. 

[0076] The oxygen concentration sensor S5 detects the oxygen concentration 
of the gas discharged from the fuel cell stack 100, while the hydrogen 
concentration sensor ^£56 detects the hydrogen concentration of the gas 
discharged from the fuel cell stack 100. 

[00771 In the water supply system 50,^^water^a water tank 53 is 
pressure-fed ( p ut pgooouFO wad oupplicd)» to the nozzles 55 provided on the air 
manifold 54 through a water supply line 56, hy a water supply pump 61, and 
then the supplied water is sprayed from the novates into the air manifold 54 
continuously or intermittently. This water4«em33>the air passage 40 and the 
cooling passage 41 via the opening 941 .of the, f^el c^st^ck 100. Since the 
latent heat is preferentially drawn froij^^water iirtkli yluec, thw wakw it 
no ettbie ho prevent the moistuyej 
of the oxygen electrode 15U-**E? 

membrane 15a of the oxygen electrode 15b side can be y maintained in an even/ V/ 
wet condition ■ eettst a ntiyrday^ the generated water without drying out-llie"" 

ele ct wlvtu - memb r ane . 1 5 a at&e^ox ygMU eteetrode lDb rife. Further, the heat 

of the oxygen electrode 15b itself is drown due yf the water supplied to the 
surface of the oxygen electrode 15b and the water flowing into the cooling 
passage 41^b u luuI iU^nJ ^Tfata, the temperature in the fuel cell stack 100 oan - 


controlled* 


\JfJk 

[0078] ^rrnrfliTic to the structure -mentioned above, it is possible to cool 
down the fuel cell stack 100 adequately without an additional cooling water # 
^te^t<rt »o ^ dovTO ^e^f tlKl LHdl^aok - lO Oi^iS^^c^g^ Jt is possible to 
maintain the temperature of the fuel cell stack 100 around a desired 
temperature by controlling the output of the water supply pump 61 i n rooponoo . , 
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to the temperature of the discharged air detected by the discharge-gas 
temperature sensor Si. 


[0079] The water in the water tank 53 is supplied to the surface of the 
oxygen electrode 15b from the nozzles 55 provided on the air manifold J>4, and 
then the supplied water is recovered by the condenser 51 and oont t efhe water 
tank 53 by a water collection pump 62^tegethei332d^ 
.-£Ottteiaea^4i^^ A check valve 52 is provided between 

the water collection pumgJ2 and the water tank 53 to prevent the water in the 
water tank 53 from flowinjj?^ pump 62. The water level in 

the water tank 53 is detected by the water level eensbr-S7. 

[0080] Further, the fuel cell system 1 includes a start switch, namely, an 
ignition key for starting up and stopping > the system 1 (not shown in the 
drawings)^ namel&Joi^tar^ The fuel cell 

system 1 is connected to an external load (not shown in the drawings) inJ^/7^ 
normal power generating state jfeUhe-aox^^ 

■tho BQ graaLpower gene ration stale) in which the fuel cell system 1 output^jSw 
electric power, ^ air is supplied from the air fan 122 to the fuel cell stack 100, 
and simultaneousl^^iiydrogen gas is su^l^ed^oz^the fuejl supply system 10 
to the fuel cell stack 100. . The redox rea^pn^^6w^r ^norc^ion is continued 
in the fuel ceUstack 100, and this reactiorffentrates tho eteetase pewef and the 
water./^Sftcb- ^!he reaction can fee- maintained by suppl^4^^&^*air and jOtSz 
hydrogegb^fto the oxygen electrode 15b and the fuel electrode 15c, respectively. 

*^irs4ew^H farcffioioncy of con s umption - of the hydjL u g u n ' gas ; neces 


concentration of hydrogen ga^at which the redox reaction can be^enerateoYlii 
the unit cell 1£ is supplied to the fuel cell stack 100, and the supply pressure 4sT i r\ 
■£b& normal operation feme- is set withiij^Ee range in which the required reaction 
je maintained and ^feVaste of the hydrogen gas can be eliminated. In the 
the supply pressure ai^*^he normal operation tim e - is higher than 
necessary ihuru -uecurs a glut tfeafc- results in the discharge of most of the 
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non-reacted hydrogen ga^ therefore voting fuel (i.e.,/*ieer wasting of LfiU 
hydrogen gas). ^ Based on this sta^ipouiff tlie* suppljfgas pressure of the 
hydrogen gas afe£Le normal operation feae is set at 0.1 MPa, for example. On 
the other hand, dfae-to-fehe discharge of the substituted gas and prevention of 
u neven distribu tion of the^ases, the supply pressure of the hydrogen gas at^^ 
✓tfower generatiw ^tart-upj aaae is set at a pressure-vafee (for example, 0.2 MPa) 
higher than the gas pressure ato&s normal operation^ate, and the supply time— 
of the hydrogen gas *&fifee<set at the higher pressure^^^fa very short time. 


[0082]. In this embodiment of the present invention. a Jt normal operation 
iSEie (normal power generation «efea*e^indudes^r time when the fuel cell 
system 1 is connected to the external load," that is, a state where the fuel cell 
system' 1 is generating electrical power, and u a power generation start-up time" hj A / 
^jxtpateg*** period of time from ±he4aa&e when the fuel cell system 1 is started xqp 
£tif\h& ignition key to the time when the fuel cell system 1 is connected to the 
external load^ Further, ^the startnip tune" also includes ^thrxase^etete^ 
*&&ff the start switch^ turned on after a lapse of a predetermined period of 
time after the start switch has been turned off in <ES- normal power generation 0 
-state? and normal operation Jt^fie (normal power generation -e^Se)*) also 
includes l&Ste4e3when the fuel cell system 1 is being connected to the external 
load after #apse of the predetermined period of time^ 


[0083] Each element of the fuel cell system 1 described above is controlled 


by a control sectionyfeot-flhowDrin^^ values detected by the 

sensors SJUS7 are supplied to the control sectiom More specifically, the control 
se<±ion7controls the amount of water supplied by the water supply pump 61, 
on/off operation of the water collection pump 62, on/off operation of the air fa™ 
122, an£, on/off operation o£>tte hydrogen pump 25. Further, the control 
sectiorfldso controls^ of the hydrogen base electromagnetic 

valye 2g» open^lofi^peration of the hydrogen supply electromagnetic valve 24, 
opei^osft&peration of the hydrogen discharge electromagnetic valve 27a, 
-sot pressuife^f Aejiydrogen secondary-pressure regulator gresesre valve 23. 
In thiu ease*/^he control section^ may ^uiclude a timer for measuring a 

73"^ 


4L ¥ 

predetermined time, or the control section may be connected to thS timer. The 

timer/measures a period of time after the ignition key (start switch) has been 

turned off ia^b^&ormal power generation state: In this regard, p^power 

generation start-up time" means predetermined period of time in the case 

where the start switch is turned on after a lapse of a given period of time (for 

example, six hours) aftej. the, ^tert^s w^h has been turned off in th* normal 

power generation etete. "^SLUiuly, before Hke lapse of th^redetermined period L L '%d 

of time,^ffiStart-up operation of thep*sesent4nvention (wjJ? be described later) is j^rvfa/b* 

TirayTie&he-ca^ed^ttt. 

[0084] TE^tueTMll^stem 1 having the structure described above -eames- 
ouffthn follo w ing -epesa&ea ^at t V"ft f .H r tM i j timf r Pigs. 14 and 15>4re a 
flowchart ^^rti^^^c^trol op^r^a'^ t^e fuel supply system ip at the 

mmg to 


Fu^Vtin^of the fuel cell system! in a first embodiment flfioofnifig to the 
present invention. 

[0085] When k4&-€©fi£ccaci^afc a start-up operation^ such as the ignition 


key is turned Cfti&ad the like,is e ame ^it rtstep S101), all of the sensorB of the - 
fuel cell system 1 are switched (turned) ON (Step S103). The turi^fe' &™ 
istpgrafan-of the sensors allows tta detection valueajtuhe whole system to be 
obtained. It fudged whether or not^Sydrogen p^ary pressure is more 
than a predetermined set value based on the detection vf^^^uppli cdr from the 
hydrogen primary pressure sensor S3 (Step S105X This predetermined set 
value may be set at 1 MPa, for example. In the' case where the primary 
pressure is less than the set valye, the start-up gperafcuyi is suspended 
(stopped) (Step S109) because it m&& shuil tladO aC'& e amount of 

hydrogen in the high-pressur^hydrogen tanks 11- On the other hand, in the 
case where it is judged that the primary pressure is more than the set value, it 
is judged whether or not.fi/watef level in the water tank 53 is higher than a 
predetermined leyel^ based on the d ei edS ea ^rafafr supplied from the water level 
sensor S7 (Step S107). In the case where it is judged that the water level is 
less than the predetermined level, the start-up operation is suspended (Step 
S109) because it is impossible to cool down the fuel cell stack 100 adequately. 
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[0086] In the case where it is judged that the level in the water tank 53 is 
higher than the predetermined level, the water collection pump 62 is switched 
ON to start to collect water (Step Sill). Further, the water supply pump 61 is 
switched ON to spray water from the nozzles 55 of the air manifold 54 into the 
fuel cell stack 100 (Step S113X At the same time, the hydrogen base 
electromagnetic valve is opened. Next, the air supply fan 122 is driven 
(switched ON^to^supply air into the fuel cell stack 100, ^W*t^st»te^le € f/ 
f^Lak_aniL&&^^ 15b in the fuel cell stack 100. 

[0087] Next, in order to sup^v hydrogen gasjjpto the fuel cell stack 100, \ 
"discharge operation to* dischargeable residual oxygen gas (Le. 
chamber of the fuel cell stack 100 is started. ^fassalgTihe hydrogen discharge 
electromagnetic valve 27a is opened (Step SU7), and the hydrogen pump 25 is 
^4ri^il^5witched ON$- (Step S 119). Thus, a suction pressure to suck the 
hydrogen gas from the faeLghambe ? 30 of the fu el cell stack 100 is generated, 
therebs/iSfel^SJStCfiSl < 


I chamber 30 ^negative pressur ^. 


Next, «ssafc"pzessare of the hydrogen secondary pressure regulal 



and sudatk 


[00881 

jneserae valve ^fk^t^lSlJjkgH^ 23 is set (established) at 0.2 MPa (Step 
S12l), and the hydrogen supply electromagnetic valve 24 is opened (Step S123). 
Thus, t»Kg hydrogen gas bvmg^e pressure of 0.2 MPa is supplied into the fuel 
chamber 30 where-the negative pressure i&Satebftgftgd. At the same time, the 
ain^i the fuel chamber 30 before fflfr start ^^opwatmifc* 
the fiiel chamber 30 by the supplj^^ydrogen gas, 
. the hydrogen pump 25. This state is maintained 
far 0.5 seconds (Step S125), and after 0.5 seconds^^sed, it is judged whether 
or not the hydrogen concentration of ^i^jiBH&Bged gaj jfrfo more than 95 volume 
percent (voL %) based onJ;he de^e§en^ ^^vhe » the hydrog^ concentration 
discharged ggfe from the fuel cell stack 10ft In the case 


sensor S6 deb 

where the hydrogen concentration does not reach 95 volume percent within 0.5 
seconds, an alarm (not shown in the drawings) is switched ON because there is C 
possibihly^te-defceriarate the electrodes, and then a^gcgHBDBPsf the stiart-up ^ j^T^ q 
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^oggiafeon proceeds to Step S135, On the other hand, in the case where the 
hydrogen concentration is more than 95 volume percent, it is jilsiEy^©^ 

jasfcimst^that the fuel chamber 30 is permeated with the hydrogen gas without 
uneven distribution of gase&Sf that there is waj^^ f oxy^en -gfc& in the fuel 
chamber 30 enott^ ^o f og^ rej ^ ef^e> local electric current. 


[00891 Next, it is judged whether or not the oxygen concentratwn of the 
discharged gas is less than 1 volume percent based on the ^t^t&i-vcfe^ the 
oxygen concentration sensor S5 (Step S129). In the case where it is judged 
that the oxygen concentration is more^hay 1 volume percent, the alarm is 
switched ON (Step S133), and then the pwgpraa^roceeds to Step S135. On the 
other hand, in the case whe, 
percent, it is posalLie-fco ^ 
chamber 30,^^ that there is 


\ where tl 


™, A"- t^\/ J AXUU " 3 ujygou 

en ough flrea ccu local electric current 


the oxygen concentration is less than 1 volume 

! ^si ^0-^ 

that O^bxygen gas^ardly/remains in the fuel 

oxygen -g€» in the fuel chamber 30 


[0090] In the case where it is judged that the oxygen concentration is less 
than 1 volume percent, it ipfudged whether or not the local electrical potential 
o^ead^etectrode in the unit cells 15 is less than 1.1 Volts (V) based on the 
■dft t &Sdit winc e 2 f the ekctrical-potential detection sensors S2 (Step S131). In 
the case where there is an electrode haying more than 1.1 V, the alarm is 
switched ON (Step Sl33L|nd then the?r©S^proceeds toStep S135. Since 
it is difficult to determin^rf extent oi4^s^ ^^vep ^SS^ti^n in each of the 
fiiel chambers 30 tflriyoy detecting the hydrogen concentration and, the j 


concentration of the discharged gas, ^^s^mU<^L^ ^ _ _ * WAV . W - 
judg^)^biHty ofj^g^me^\distribution by detecting the local electrical 
potential of each electrode in the unit cells 15. 


[0091] Lithe case where itJLs ^udged^hat all of the local potentials are less 
than 1.1 Vj* Step S131, itva&&^1$$ the oxygen gas (air) in each of the fiiel 
chambers 30 is substantially evenly substituted with the hydrogen gas. 
Therefore, the set pressure of the hydrogen secondary pressure regulatft^j^ 
?«SS&S valve ^^Hg^egpfccg^ 28 is set^gfcffclisES^ at 0.1 MPa (Step 
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S135), and the hydrogen discharge electromagnetic valve 27a is closed (Step 
S137). Then ly &ES?start-up opeti^^p^F^t is terminated and the system 
proceeds*™ a normal operation (power generation) routine 1$®&z&&m&&hot 
showjjm^ " 1 ^ ' 

- ^a flowchart illustrating^ control ope ^timTaVthfe 
■systom-4n a second embodiment acoo^ing - to the 
present invention. Since the operations at Steps S201-S223 are same as those 
at Steps S101-S123 of the first embodiment shown in Fig. 14, a description of 
these steps is omitted. 



Figs 


[0093] After the hydrogen supply electromagnetic valve 24 is gpened (Step 
S223), the ssfps^rce^o&he hydrogen serondary^. 
valve &raa£sl&ea£gniate^ 23 is alternately set ^ 



regulat r _ ._ 

ofr ci t her 0.1 MPapaT <znd> 


0,2 MPa every 0.1 seconds (Step S226). J^Saely, the set pressure is repeatedly 
changed between 0.1 MPa and 0.2 MPa at intervals of 0.1 seconds. The 
hydrogen gas pressure supplied to the fuel cell stack 100 pulses in ^short time^ ?er> 
due to this change of setting. 


del 


[0094] 


Since a change in^ 
other passages 


rdrogen gas 



. iii|he fu^xhamber 30 and 
b& tnisyptdsation, eeemgea &^^ s t a y in the fuel 
chamber 30 and other passages^^occurrence of where the hydrogen 

gas flow rate is relatively slo^rj^prevented, and^sfreplacement (substitution) 
Jjonr residual gas is carried out evenly and quickly. 

[0095] Since the operations following Step S225, namely, tfee^ptrutiono at- 
Steps S227-S239 are same as theses Steps S125-S137 of the first embodiment 
shown in Fig. 15, a description of these steps is omitted* - HK 

the fuel cell 

system in -a third embodiment 


the fuel cell 
embodiment 


[0096] \ Next, a 



^^sy^mJL^f the first emb^^^ng^yhe fuel cell system 
/ further includes a start-up hydrogen discharge line 206 on the upstream side 



of ! 
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the hydrogen pump 25 on the hydrogen outflow line 203* 


[0097] On the start-up hydrogen discharge line 206, a hydrogen discharge 
electromagnetic valve 27h and a silencer 28b are provided in this order. The 
opo^ios^^peration of the hydrogen discharge electromagnetic valve 27b is 
controlled by a control section^Jtrstowrra as^he first 

embodiment described above. 

w 

[00981 Since other elements of the system^the third embodiment are same 
as those of the M$jj$$fy(ptps$& first embodiment, a description of these 
structures is omitted. The start-up operation of the second embodiment is 
described with reference to Figs. 14 and 15. In this embodiment, the start-up 
hydrogen discharge electromagnetic valve 27b is open after Step S115 of the 
first embodiment, and then thgm raration at Steps S121-S137 jg'carried out. In 



206 i . w . ^ 

the start up hydrogen discharge line 206 hsn&?~9Qtsar& at theVhySoge n 
discharge 


[0099] 

systen^i^urfch and fifth embodimen^Eown in Pig. X^f^^to^i^r^^ih^ ele^enfe 0$ ~fh* 
fuel cell system 1 of the first embodiment, the fuel cell system of the fourth and 
fifth embodiments includes a hydrogen secondary pressyre regulating valve 72a 
in place of the hydrogen secondary pressure regulated pietomra valve 23. 
The system of the fourth and fifth embodiments farther includes a start-up 
hydrogen secondary pressure regulating valve 72h-jand a start-up hydrogen 
supply electromagnetic valve 73 a line 71. Eotnends of the line 71 are 
respectively connected to the upstream and downstream sides of the hydrogen 
secondary pressure regulating valve 72a. The set values 4frot h an> roopoctiv fe ly 

the hydrogen secondary pressure regxilAtin^v^ra^^-^ 
and the start-up hydrogen secondary pressure regulating valve 72b are^.l MPa 


and 0.2 Mpa, respectively yrt^vafc^l^ressurej^lhe hydrogen 

secondary pressure regulating valve 72a is a hydrogen supply pressure^aj^^^ 
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normal operation^^^while the /^^l}^4press\xr^^^e start-up hydrogen 
secondary pressure regulatin&yalve 72b is se ^gt^tete^ tit fa redge higher 
than theiyd.^lfeX^the normal operation,*^ The control 
section (not shown in the drawings) controls opei^clos^ ^poruUon of the start-up 
hydrogen supply electromagnetic valve 73. Since other elements of the system 
in the fourth and fifth embodiments are same as those of the system 1 in the 
first embodiment, a description of these structures is omitted. 

[0100] <-4Hrtki6Hflegaj^^ 
^ontrols^e^^pen/dtesr^ ^ 
The hydrogen secondary pressure regulating valve 72ai the start up 
hydrogen secondary pressure regulating valve 72b, and the start-up hydrogen 
supply electromagnetic valve (switching valve) 73 constitute the pressure 
regulating means in these embodiments. Hie control secbton^as ^switching 
means^also controls the pressure regulating means in these embodiments. 

r . ' CcAtf^ rout?*? 5®*" 

[0101] Pigs. 20 and 21^a flowchart illustrating the control oposatifiiTgt thu ' 
start-up>tM^ of the fuel cell system in the fourth embodiment. Since the 
operationsj«Steps S3Q1-S319 are same as those^TSteps S101-S119 of the first 
embodiment shown in Fig. 14, a description of these steps is omitted. After the 
hydrogen pump 25 is switched ON (Step S3 19), the start-up hydrogen supply 
electromagnetic valve 73 is opened (Step S321), and the hydrogen supply 
electromagnetic valve 24 is opened (Step S323).. Thus, high-pressur^ 
hydrogen gas is supplied from the hydrogen tanks 11 to the fuel cell stack 100 
through the start-up hydrogen secondary pressure regulating valve 72b having 
the high set value. At this time, the hydrogen secondary pressure becomes 0.2 
MPa. Since the operations following Step S323, namely, the operations'^ #f 
Steps S325-S33S are same as those at Steps S125-S133 of the first embodiment 
shown in Fig. 15, a description of these steps is omitted. 

[0102] In the case where the hydrogen concentrationis more than 95 volume 
percent, the oxygen concentration is less than 1 volume percent, and all of the 
local electrical potentials are less than 1.1 V, the start-up hydrogen supply 
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electromagnetic (valve 73 is closed (Step S335). Thus, the supply of the 
hydrogen gas to the start-up hydrogen supply el^tronajgnetic valve 73 is 
stopped, while the supply of the hydrogen gas*to the c hydrogen secondary 
pressure regulating valve 72a, which is set at the secondary pressure when the 
fuel cell stack 100 is unde^flic normal power generation state, <k 


[0103] Then, the hydrogen discharge electromagnetic valve 27a is closed 
(Step S337), and this staijt-up DpemUuu^pgogr a aa is terminated and the system 


proceeds to a normal operation (power generation) routine 4&&s@pj&tf$%pJp not 
shown in the flewdmrfe^^^^/^-?* ' 

[0104J ^s^bf Figs. 22 and 23^z6 a flowchart ^mn^V control op em l iufffrt 


the fuel cell system in the fifth embodiment. Since the 
operations j*fo3teps S401-S419 are same as thos§^Steps S101-S119 of the first 
embodiment shown in Fig. 14, a description of these steps is omitted. After the 
hydrogen pump is switched ON (Step S419), the start-up hydrogen supply 
electromagnetic valve 73 is opened (Step S421), and the hydrogen supply 
electromagnetic valve 24 is opened (Step S423). 

tO 105] After the hydrogen supply electromagnetic valve 24 is opened (Step 
^ S^Z),Jhe start-up hydrogen electromagnetic valve 73 is repeatedly switched h^Loeeq °f^^ 
epea/eiase every 0.1 seconds (Step S425). When the start-up hydrogen 
electromagnetic valve 73 is opened ly ^^hydrogen gas is supplied to the fuel cell 
stack 100 through the start-up hydrogen secondary pressure regulating valve 
72b, which is set at the high-pressur^side, whereby the hydrogen secondary 
pressure becomes 0.2 MPa. On the other hand, when start-up hydrogen 
electromagnetic valve 73 is closed, the hydrogen gas is supplied to the fuel cell 
stack 100 through the hydrogen secondary pressure regulating valve 72a, which 
is set at the low-pressure side, whereby the hydrogen secondary pressure 
becomes 0.1 MPa. In this way, due to this pulsation of the hydrogen^^^ 
pressure, oec^m ^Dce of a -stay in the fuel chamber 30 and other passages or 
occurrence of ^zpestion where the hydrogen gas flow rate is relatively slow^f^^ 
prevented, and the replacement (substitution) JpsSTresidual gas Jo hydrogen 
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gas is carried out more evenly and quickly, r 

. f of 
[0106] Since the operations following Step 3425, namely, the operations,^ 

Steps S427-S439 are same as those Steps S325-S337 of the fourth 

embodiment shown in Pig. 21, a description of these steps is omitted. 

+■ 

[0107] As mentioned above, aeeeydteg-tor^ fa c fooHx stt systesMrf the present 
invention, the high-p^^i^^iiydrogen gas having a predetermined pressure 
higher than the pre$sur^njffi^horm<il power generation>*f«e is supplied to the 
fuel chamber 30 at the v generation-efee^2*^=feae- when there is the substituted 
gas in the fuel chamber 30, whereby the high-pressure^ftiydrogen gas gu o hoo f 

the$#&6$ substituted gas from the fuel chamber c)0> Therefore, &mce^t fU^ jT&o$f 




' r insida-state^f the fuel chamber 30 changes fi^irt^g^^^ti ^sta^ 4o ±fae 
y^ov^j^stat^/ thoi ocourrgSBg=^ uneven distribution of the substituted gas and 
the hydrogen gas is prevented. Further, since the hydrogen gas having the 
ngher\pressuiW than the pressure in tj$&~ normal power generation 
supplied to tha fuel chamber 30 to complete the replacement feensAhc 
substituted ga^ftrthe hydrogen gas 
the substituted gas and the hydrogen 

^UXSEtoee^thejedox reaction between these gases. Therefore, the occurrence of 
it^local'^lectric current is prevented. In this regard, the completion of 
replacement fgjEdfthe substituted gas J^the hydrogen gas within 0.7 seconds, 
preferably within 0.5 secojtf&s^tew^^ of ^ local electric^nrrent^ 

due to^Jj^gas uneven distribtmoi^te^^fi^^fe^ " Further, by shorting the 
supply time as mentioned above, it is possible to reduce waste of the hydrogen 
gas. 

[0108] Further, by alternately changing the supply pressure of the hydrogen 
gas as in the second and fifth embodiments, ffie change of the gas stream 

in the fuel chamber 30 occurs, and this change gas * 


stag^tfoi^4^^e^«weaHted. Therefore, in these embodiments,^^ uneven 
distribution of the gas can hardly occur in the fuel chamber 30. 
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10109] ^'■^rthie-regardyn the present invention, the p$o§3reaB-e£4fee start-up 
.opr^i^ includes, after the step $ which the ignition key is turned on, a step n) 

which it ^ac|^e judged whether or not the ignition key (start switeh) is 
turned on after the lapse of a predetermined period of time, and the Wgdam is 
married-out in the case where the ignition key is turned on after the lapse otJk@& 
predetermined period of time after the ignition key has been turned off «&e d 
normal power generation stater 

fcllO] -Ae-d©8^*ei^abte^|t should be noted that, even though the fuel cell 
system of the present invention has been described with reference to the 
preferred embodiments shown Jinjthe drawings, the present invention is not 
limited to these embodiments^ it is m S> www possible to make various 
modifications to each element of the fuel cell system, and various elements 
described above can be replaced with any other element^capable of performing 
the same or a similar function, » 
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ABSTRACT OF THE DISCLOSURE 

A fuel cell systen^includes at least one fuel cell stack ^^having a fuel 
chambe^ijpf including a fiiel electrode (anode) ^ff, an air chamber including an 
oxygen electrode (cathode)^^|p£sa* an electrolyte layerj^ interposed betoken 
the fuel electrode and the oxygen electrode||^ pressure regulating l mea^r 
for regulating M supply pressure of fuel gas Glycogen gas) #p3b£ supplied to the 
fuel chamber H^L The pressure regulating jneane sets^j^the supply pressure 
of the fuel gas f^A^lk when the fuel cell stack^j#starts up power generation %( $ 
higher than the supply pressure of the fiiel ^ls during ^normal power 
generatioiv^^ in which the fuel cell stack^Jj^is generating electric power. 
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